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A drive mechanism is interposed between two members (1 ,3) to make the members move 
relatively with respect to each other. At least one of the two members (1 ,3) is guided to 
move linearly. The drive mechanism comprises: cam followers (11) that are rotatably 
supported on one of the two members (1 ), that are arranged in the linear moving direction, 
and that are spaced from each other; and a cam (21 ) that is rotatably supported on the 
other one of the two members (3) and that is provided in its circumference with a cam 
groove (23) in which the cam followers (1 1 ) engage, the rotation axis (21a) of the cam 
being arranged in the direction of the linear moving direction. The two members are made 
to move relatively with respect to each other by driving the cam (21) to rotate and making 
the cam followers engage successively in the cam groove (23) and move in the direction of 
the rotation axis. 
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© Cam-driven linear actuator apparatus. 

© A precision, high load capacity linear actuator 
apparatus (20) incorporating a rotary-actuated cam 
(48) is disclosed. A moveable load carriage assem- 
bly (40) containing a cam member (48) mounted on 
bearings (50) therein is free to ride linearly on sta- 
tionary tracks (34a,34b). The cam member (48) en- 
gages stationary cam followers (38) mounted on the 
staionary tracks* support (32,36). In the preferred 
embodiment a linear ball-slide mechanism (49) sup- 
ported in bearings at each end of the stationary 
tracks (34a f 34b) passes trough the cam member 
(48), with its linear slide member (56) attached to the 
cam's center bore (58). Rotary actuation of the linear 
ball-slide shaft (52) causes rotation of the cam mem- 
ber (48) which is converted into a linear motion of 
the load carriage (40) along the stationary tracks 
* (34a,34b)/ Thus, linear positioning of the load car- 
riage (40) is effected through rotary positioning of 
the ball-slide shaft (52) through associated motor 
means (22). 

In an alternate embodiment, to be utilized where 
extremely long linear strokes are required, the drive 
motor assembly (22) is mounted directly to and 
travels with the moveable load carriage assembly 
(40) so as to directly drive the cam member (48). 
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Field of the Invention 



This invention relates to cam-driven linear ac- 
tuator mechanisms, and more particularly, to a 
linear actuator where an aligned series of roller 
follower members are positionaily fixed, while the 
rotating drive cam is caused to move linearly along 
an axis parallel to the aligned follower members. 



Background of the Invention 

The uses for point-to-point linear transfer de- 
vices are numerous, i.e., where it is desired to 
convert rotary motion to linear motion on an eco- 
nomical basis. Typical applications for such linear 
transfer devices include loaders and unloaders for 
machine presses, transfer devices for automated 
machine tools and welding lines, and the like. In 
such devices the rotating drive cams or screws are 
held stationary, while the cam followers are moun- 
ted on a moveable carriage. Thus, with such prior 
devices, the cam would have to run the full length 
of the linear slide mechanism. This would necessi- 
tate expensive elongated cam structure; further, 
such elongated cams inherently had a high mo- 
ment of inertia requiring large drive motors in order 
to actuate them. 

Severail prior mechanisms have been utilized to 
effect such linear movements. One type prior art 
linear drive actuator utilized a conventional acme 
screw mechanism, i.e.; a large diameter lead drive 
screw running the full length of the actuator. An- 
other prior device was the so-called ball screw 
mechanism, where again the rotating shaft was 
maintained stationary, and the ball screw slide 
would move linearly relative to the shaft. However, 
such ball screw mechanisms have substantial 
speed limitations, i.e., typically in the range of 500 
r.p.m. or less. Also, such ball screw type linear 
actuators have a relatively low load capacity. An- 
other type prior device was the so-called band-type 
linear actuator, where a flexible band member, con- 
nected at each end to a tooling slide plate, was 
entrained about two or more drive wheels. 

One significant disadvantage with most prior 
cam-driven linear slide devices was that because 
they utilized a relatively few number of cam roller 
followers, which were in continuous engagement 
with the drive cam, the life expectancy of such 
roller followers was very limited. Additionally, with 
most prior cam-driven linear actuator designs, it 
was often required to virtually dissemble the 
moveable load carriage assembly when a cam fol- 



lower needed to be replaced, as the same were 
typically carried within the load carriage. Further, 
most acme or ball screw type prior devices inher- 
ently required a high reduction ratio; thus, they had 
to run at very high speeds or for excessive rota- 
tions just to produce the desired linear actuation 
motion. 



70 Summary of the Invention 



The present invention overcomes the disadvan- 
tages of the prior art as it comprises a cam-driven 
75 linear actuator apparatus in which a load carriage 
assembly is supported by bearings upon fixed lin- 
ear guide tracks. The load carriage assembly is 
also mounted for linear movement, but not angular 
rotation, upon a linearly-extending ball slide mecha- 
20 nism which, in turn, is driven by an associated 
drive motor. A stationary series of cam roller fol- 
lowers are aligned along the load carriage assem- 
bly's path for engagement with the drive cam 
rotatably carried thereby. The drive cam is affixed 
25 to the bail slide member so as to rotate and move 
linearly therewith. In operation, rotation of the ball 
spline shaft by the motor causes the ball slide 
member and attached cam to turn, whereby, since 
the aligned cam followers are locationally fixed, the 
30 cam, and hence the load carriage assembly, is 
linearly driven along the ball slide shaft. 

Thus, in the present invention, the cam roller 
followers are stationarily mounted while the drive 
cam moves linearly relative thereto. This unique 
35 arrangement allows the drive cam to be of a rela- 
tively short overall length, inasmuch as it only 
needs to contact a few cam roller followers at any 
given instant, yet still retaining a preload therewith 
to prevent backlash. As a result, the life expectancy 
40 of the cam roller followers of the present invention 
is significantly increased, and the manufacturing 
costs of the drive cam are greatly reduced, as 
compared to prior art devices. 

Further, due to the relatively short cam length, 
45 it has a low moment of inertia; this in turn permits 
use of relatively small drive motors. Additionally, 
where a particular application requires a long linear 
stroke, such as 15 feet or more, for example, it is 
now permissible to use a short, inexpensive cam 
so mechanism built in accordance with the present 
invention. That is, one relatively short cam can be 
used regardless of the required length of the 
aligned series of stationary cam roller followers. 
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Also, because of the relatively low reduction ratio 
inherent in the present invention, a small rotational 
movement of the ball spline shaft achieves a sub- 
stantial linear travel for the load carriage assembly. 
Further, when it is time to replace a particular cam 
roller follower, the present load carriage assembly 
can readily be moved out of the way, such that the 
worn follower is easily accessible and can be 
quickly removed and replaced. 

Therefore, it is a principal object of the present 
invention to provide a cam-driven linear actuator in 
which a series of cam followers are held stationary 
and mounted along a linear path, while the drive 
cam is allowed to rotate about an axis parallel to 
the cam followers* linear path and caused to lin- 
early travel therealong. 

It is a further object of the present invention to 
provide a cam-driven linear actuator device in 
which the drive cam is of relatively short length, 
regardless of the length of slide motion required in 
a particular application, thereby creating a relatively 
low moment of inertia such that a relatively small 
drive motor can be utilized. 

It is yet a further object of the present invention 
to provide a cam-driven linear actuator in which the 
rotating cam is affixed to the slide member of a 
ball slide mechanism, whereby the cam can both 
rotate with and linearly travel along the ball slide 
shaft. 

The means by which the foregoing and other 
objects of the present invention are accomplished 
and the manner of their accomplishment will be 
readily understood from the following specification 
upon reference to the company drawings, in which: 

Fig. 1 is a front elevation view of the cam- 
driven linear actuator apparatus of the present in- 
vention, and showing certain components broken 
away for better viewing; 

Fig. 2 is an end elevation view, taken along 
lines 2-2 of Rg. 1, of the linear actuator thereof; 

Fig. 3 is a section view, taken along lines 3-3 
of Fig. 1 , showing a cam roller follower as used in 
the present invention; 

Fig. 4 is an enlarged front elevation view, 
partially in section, of the ioad carriage assembly of 
the present invention and showing a flanged 
mounting arrangement for the drive cam; 

Fig. 5 is another enlarged front elevation 
view like Fig. 4 but showing an alternate mounting 
arrangement for the drive cam; and 

Fig. 6 is a front elevation view of an alternate 
embodiment of the linear actuator of the present 
invention, and showing a direct drive arrangement 
for the drive cam. 

Description of the Preferred Embodiment 



Having reference to the drawings, wherein like 
reference numerals indicate corresponding ele- 
ments, there is shown in Fig. 1 an illustration of the 
preferred embodiment of the cam-driven linear ac- 

5 tuator apparatus of the present invention, generally 
denoted by reference numeral 20. The linear ac- 
tuator 20 comprises a motor 22 connected by an 
adaptor 24 to a reducer 26 which is mounted at 
one end of a linear track assembly, generally de- 

io noted by reference numeral 28. The reducer is 
preferably of the minimum backlash type. 

The track assembly 28 includes end plates 
30A, 30B and a base plate 32. The base plate 32 
carries adjacent its one edge (see Fig. 2) a linear 

15 guide track 34A, and adjacent its other edge, as 
mounted upon a track support 36 in an elevated 
manner, a linear guide track 34B. Stationary cam 
roller followers, generally denoted by reference nu- 
meral 38, are each affixed to and supported by the 

20 track support 36 in an aligned series (see Figs. 1 
and 2). 

A load carriage assembly, generally denoted 
by reference numeral 40, is slidably mounted by 
bearings 42 upon the guide tracks 34A, 34B for 

25 linear movement therealong; however, the load car- 
riage 40 cannot angularly rotate. The housing for 
the load carriage assembly 40 comprises a lower 
housing wall 44 and an upper tooling mounting 
plate 46. Preferably, the bearings 42 are so-called 

30 Thompson linear roller bearings, but any suitable 
type bearing can be used. 

A barrel-type drive cam, generally denoted by 
reference numeral 48, is mounted (either directly or 
indirectly, as discussed below in relation to Figs. 4 

36 and 5) by bearings 50 to the carriage housing walls 
44, such that it is rotatable within the load carriage 
40. In the preferred embodiment, the drive cam 48 
comprises a constant lead-type barrel cam. How- 
ever, depending upon the type of slide movement 

40 desired in any given linear actuator application, and 
depending further upon the type of drive motor 22 
that is used and how it is controlled, different type 
cams can be used. For example, an index cam, 
viable velocity cam, or an oscillating cam could be 

45 used for drive cam 48. 

Also, it will be understood that the drive cam 
48 is formed as a relatively short cam member. 
That is, in the preferred embodiment, the drive 
cam could be from four to ten inches in length, for 

so example x, st n rovide a linear ^tr^k^ rt f «<**'^ r, »i 

or more. This is contrasted to the prior art devices 
where the drive cam necessarily extended the en- 
tire length of the desired linear stroke. Thus, it was 
not uncommon for such prior devices' cams to be 

55 several feet or more in length. 

It will be understood that the bearings 50 can 
be roller bearings, ball bearings, tapered roller 
bearings, or any other type bearing which gives 
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proper rotational support on the carriage wail 44 to 
the drive cam 48. 

The drive cam 48 is rotatably driven by a ball 
slide mechanism, generally denoted by reference 
numeral 49, which mechanism also permits the 
cam 48 to move linearly along the cam's axis of 
rotation (which as seen in Fig. 1 is parallel to the 
aligned series of cam followers 38). In the preferred 
embodiment there is mounted at each end of linear 
actuator 20. within suitable roller bearings (not 
shown) which are carried by the respective end 
plates 30A, 30B, a rotatable ball spline shaft 52. 
The left end of ball spline shaft 52. as shown in 
Fig. 1, is connected to and rotatably driven by the 
output (not shown) of the reducer 26. Preferably, 
the ball spline shaft 52 is of the type having axially- 
protruding and longitudinally-extending drive ribs 
54 (see Figs. 1 and 2). The other half of the ball 
slide mechanism comprises a flanged spline nut 
56. As best seen tn Fig. 4, the spline nut 56 
comprises two separate halves 56 A, 56B. In the 
preferred embodiment of Figs. 1-4, the ball slide 
mechanism 49 is a commercially available ball 
spline shaft mechanism sold under the THK brand. 

In any event, as best seen in Figs. 1 , 2, and 4, 
the ball spline shaft 52, along with the flanged 
spline nuts 56A, 56B, extend through the central 
bore 58 of drive cam 48. In the particular mounting 
arrangement of Fig. 4, the flanged spline nuts 56A, 
56B are joumalled directly by the bearings 50 and 
are fastened via threaded fasteners 60 and dowel 
pin 61 .to the drive cam 48, such that rotation of the 
flanged spline nut 56 effects rotation of the drive 
cam 48 and vice versa. 

In a well-known manner, the recirculating drive 
balls 62 of the ball slide mechanism 49 are re- 
tained by a retainer ring 64 on the interior of the 
spline nut 56. So as to prevent unwanted backlash 
for actuator 20, the drive balls 62 are pre-loaded 
during assembly against the respective drive ribs 
. 54 of ball spline shaft 52. Also it will be understood 
that other configurations for the ball slide mecha- 
nism 49 will work in the present invention, as long 
as both rotary motion and linear sliding movement 
is provided by the particular mechanism's slide 
member to the drive cam 48. 

As best seen in Rg. 3. each of the cam roller 
followers 38 comprises a threaded stud portion 66 
which extends through an appropriate opening 68 
of the track support 36. The threaded stud 66 
. terminates at one end in an enlarged head portion 
70 against which is seated the cam roller 72 and 
the needle bearings 74; these are retained by a 
retainer ring 76. The other end of the stud 66 is 
retained against the track support 36 by a fastener 
78. The cam followers 38, thus, provide high load- 
carrying capacity for the linear slide actuator 20. 
Also, so as to prevent unwanted backlash during 



operation, the drive cam is pre-loaded as is well- 
known against the cam followers 38 during assem- 
bly of the linear actuator 20. 

Each of the aligned and equally-spaced cam 

s roller followers 38 is able to engage the respective 
cam elements 80 of the rotating drive cam 48. 
However, the followers 38 are each positionally 
affixed to track support 36 and thus, do not move 
relative to the slidable load carriage assembly 40. 

10 That is, the cam 48 moves along the line of roller 
followers 38. not vice versa. 

Figure 5 depicts an alternate arrangement for 
attaching the slide member of the ball slide mecha- 
nism 49 to the drive cam 48. That is, rather than 

75 using a flanged spline nut 56 (see Fig. 4), Fig. 5 
depicts a modified spline nut 82 comprising re- 
spective spline nut halves 82A, 82B, which are 
separated by a spacer 84. In this alternate mount- 
ing arrangement, the spline nut halves 82A, 82B 

20 are respectively secured to the drive cam 48 by 
retainer keys 88 fitted in mating keyways (see 
keyway 89 in Rg. 2). The recirculating drive balls 
62 are retained to the spline nut halves 82A. 82B 
by retainer rings 86. Further, the spline nut halves 

25 82A, 82B are retained axiaily relative to the drive 
cam 48 by an end retainer plate 90 (only one 
shown). 

However, in this alternate mounting arrange- 
ment of Rg. 5, the keyed combination of drive cam 

30 AS and modified spline nut 82 is again rotatably 
joumalled on the lower housing wall 44 by roller 
bearing 50. Yet, in this alternate mounting arrange- 
ment, the drive cam 48 is directly joumalled on the 
housing wall 44 by bearings 50, rather than being 

35 indirectly joumalled (via flanged spline nut 56) in 
the preferred mounting arrangement of Fig. 4. Nev- 
ertheless, it will be understood that, other than the 
specific difference regarding the particular arrange- 
ment for journalling the joined combination of the 

40 drive cam 48 and the respective spline nuts 56, 82. 
the two embodiments depicted in Figs. 4 and 5 
operate and function in the same manner, as will 
now be discussed. 

The motor 22 and reducer 26 operate to 

45 drivably rotate the ball spline shaft 52 in either 
direction, and for a specific number or degrees of 
rotation(s). The motor 22 can be a so-called step- 
ping motor,' whereupon by selectively turning on 
and off the motor 22 for desired periods via control 

so means (not shown), a known rotation for ball spline 
shaft 52 can be achieved. Preferably, such a step- 
ping motor would be combined with a drive cam 48 
of the so-called lead-cam or constant velocity de- 
sign. Another motor usable with such cams is a so- 

55 called servo motor. 

Alternatively, the drive cam 48 could be an 
indexing-type cam, of a barrel cam design. In that 
case, the motor 22 preferably would be a constant 
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rotation type motor. This specific combination 
would result in a step-wise movement, i.e., a fixed 
incremental indexing movement, for the ball spline 
shaft 52. Yet another type motor 22 that could be 
used with the present invention is an alternating 
current type motor, with an accompanying clutch 
brake. 

In any event, regardless what specific motor is 
used to drive the spline shaft 52, any rotation 
thereof will likewise cause the associated spline nut 
56 to rotate, due to the angularly-constrained recir- 
culating drive balls 62. Moreover, since the drive 
cam 48 is affixed by fasteners 60 (or alternatively 
by keys 88) to the spline nut 56 (or alternatively 
the nut 82), the drive cam 48 also is caused to 
rotate. 

Due to the presence of the aligned series of 
stationary cam roller followers 38, at least a few of 
which are always in engagement with the cam 
lobes 80 of drive cam 48, any rotation of the cam 
48 causes it to be linearly moved. That is, rotation 
of cam 48 causes the engaged roller followers 38 
to create a linear thrust motion on the cam lobes 
80, whereby the drive cam 48 (and the affixed 
spline nut 56 or 82) is caused to be linearly driven 
along the ball spline shaft 52. This linear action will 
occur because the recirculating drive balls 62 not 
only transfer the rotary drive motion of the shaft 52 
and its drive ribs 54 to the spline nut 56, but also 
permit linear movement of the spline nut 56 (and 
the affixed drive cam 48) relative to the ball spline 
shaft 52. 

Further, since the carriage housing walls 44, 46 
are rotatably joumailed to and carried by the joined 
combination of drive cam 48 and spline nut 56, via 
journal bearings 50, any linear movement induced 
into drive cam 48 (by its rotation against the follow- 
ers 38) necessarily causes the load carriage as- 
sembly 40 to also move linearly, as journailed 
along the guide tracks 34A, 34B. In sum, controlled 
rotary positioning of the ball spline shaft 52 effects 
the desired linear positioning of the load carriage 
assembly 40. Depending upon the type of motor 
22 and how it is controlled, and also depending 
upon the type of cam selected for drive cam 48, 
any number of different linear actuation motions 
can be achieved for the load carriage assembly 40 
and any tooling or workpiece gripper devices asso- 
ciated therewith. 

There is shown in Fig. 6 an alternate embodi- 
ment of the present invention, namely, a linear 
actuator apparatus generally denoted by reference 
numeral 92. It is useful in those applications where 
a relatively long slide motion is required, i.e., fifteen 
feet or more, for example. This alternate linear 
drive actuator 92 comprises the same basic com- 
ponents as utilized for the preferred embodiment of 
the present invention (see actuator 20, as de- 
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scribed above in connection with Figs. 1-5), but 
with certain exceptions. Importantly, the ball slide 
mechanism 49 is eliminated, and instead, the mo- 
tor drive assembly (comprising motor 22, adaptor 

5 24, and reducer 26) are mounted directly to the 
load carriage assembly 40. The reducer's output 
shaft 94 thus extends through the central bore 58 
of drive cam 48 and is rigidly mounted to the cam 
by appropriate keys (not shown). 

w With this direct mounting arrangement, the mo- 

tor drive assembly for this alternate linear actuator 
device 92 physically travels with the load carriage 
assembly 40; it receives power from a travelling 
flexible power cord 96. In this manner, the motor 

75 drive assembly and the load carriage assembly 40 
are free to travel linearly along the guide tracks 34 
and aligned series of cam roller followers 38 no 
matter what their required length might be. Thus, 
this alternate actuator 92 is not dependent upon the 

20 maximum length of any commercially available ball 
slide mechanism, such as the mechanism 49 of the 
preferred embodiment. 

Notwithstanding such differences, both the al- 
ternate form of actuator 92 and the preferred form 

25 of actuator 20 operate in the same manner. That is, 
with both, the rotation of the drive cam 48 causes 
the series of fixed followers 38 to produce a linear 
thrust on the drive cam 48, and hence, the load 
carriage assembly 40. 

30 Due to the fact that the present invention per- 

mits the use of a relatively short drive cam mem- 
ber 48, several significant advantages are 
achieved. First, the manufacturing costs of the 
drive cam 48 itself are reduced in view of its 

35 shortened length. Second, the cam's short length 
permits it to be easily moved out of the way when 
a particular cam roller follower element 38 be- 
comes worn and needs replacement, i.e., easy 
accessibility. Third, the cam's short length inher- 

40 ently results in relatively low moments of inertfa as 
seen by the reducer 26 and drive motor 22, there- 
by permitting use of small capacity motor drive 
assembly components, yet without compromising 
the ultimate output load capability of the linear 

45 actuator. Fourth, the drive cam 48 need not be 
custom built for each different required slide move- 
ment. Instead, one drive cam 48 (and the asso- 
ciated load carriage assembly 40) can work for 
many different lengths of required linear stroke, 

so and only the length of the aligned series of cam 
followers need be changed in any given applica- 
tion. And fifth, since the cam 48 is relatively short 
and only a given number of followers 38 are en- 
gaged with the cam at any one time, the longevity 

55 of the followers 38 is greatly enhanced. 

From the foregoing, it is believed that those 
skilled in the art will readily appreciate the unique 
features and advantages of the present invention 

5 
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over previous types of linear slide actuators and 
linear transfer devices. Further, it is to be under- 
stood that while the present invention has been, 
described in relation to particular preferred and 
alternate embodiments as set forth in the accom- 
panying drawings and as above described, the 
same nevertheless are susceptible to change, vari- 
ation and substitution of equivalents without depar- 
ture from the spirit and scope of this invention. It is 
therefore intended that the present invention be 
unrestricted by the foregoing description and draw- 
ings, except as may appear in the following appen- 
ded claims. 



Claims 

1 . A linear actuator apparatus comprising: 
a drive motor assembly; 

slide mechanism means driven by said drive motor 
assembly and operable to convert rotary motion 
into linear motion, said slide mechanism means 
comprising an elongated shaft means and a slide 
means, said slide means rotatably driven by said 
shaft means and linearly slidable therealong; 
a drive cam member securably mounted said slide 
means and operable to both rotate and linearly 
slide therewith; 

a plurality of aligned cam follower members each 
positionally fixed and respectively engageable with 
said drive cam member; and 
load carriage means journalled for sliding move- 
ment along a path parallel to said plurality of 
aligned cam roller followers, said load carriage 
means also joumalably supported relative to said 
drive cam member and said slide means, 
whereby rotation of said drive motor causes rota- 
tion of said drive cam member whereupon said 
engagement of said positionally fixed cam follower 
members with said drive cam member causes said 
drive cam member and said load carriage means 
to move linearly. 

2. The invention of claim 1 , wherein said slide 
mechanism means comprises ball slide means in 
which said elongated shaft means comprises an 
elongated drive shaft having axially-protruding drive 
ribs and said slide means comprises a ball slide 
spline nut carrying a recirculating series of drive 
balls engageable with said drive ribs. 

3. The invention of claim 2, wherein said drive 
ribs extend longitudinally of said elongated drive 
shaft. 

4. The invention of claim 1 , wherein said load 
carriage means is journalled directly on said drive 
cam member. 

5. A linear actuator apparatus comprising: 

load carriage means linearly slidably supported by 
elongated track means; 



cam means rotatably supported relative to said 
load carriage means; 

a plurality of cam followers positionally fixed in a 
series aligned parallel with said elongated track 
s means and each respectively engageable with said 
drive cam means; and 

drive motor assembly means mounted said load 
carriage means and rotatably driving said drive 
cam means, 

10 whereby rotation of said drive cam means against 
said positionally fixed cam follower means effects 
controlled linear sliding movement of said drive 
cam means and said load carriage means along 
said elongated track means. 

75 6. The invention of claim 5, wherein said drive 

motor assembly means is positionally fixed relative 
to said slidably moveable load carriage means, and 
including linear slide means drivably connecting 
said motor assembly means with said drive cam 

20 means. 

7. The invention of claim 6, wherein said linear 
slide means comprises a ball slide mechanism. 
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FIG. 4 
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